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51 -"_-_ABSTRACT"_ _ ,
A surface temperature measuring apparatus Is arranged L

to comprise means for conducting a first radiant energy

generated from an object to be measured, said energy

conductmg means being provided opposite to said ob-
ject, and reference radiation source means provided to

~mask the influence of radiation noise from the furnace
on a radiometer and to generate a second radiation =

whose level is substantially determinable, whereby the

-surface temperature of said object can be determined

from the detected values of said first and second radla-_ '
tions. - - | |

8 Claims, 10 Drawing Figures
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SURFACE TEMPERATURE MEASURING
APPARATUS FOR OBJECT WITHIN FURNACE

DESCRIPTION
1. Technical Field

This invention relates to surface temperature measur-

ing apparatus for an object within a high temperature
furnace, and particularly to a surface temperature mea-
suring apparatus using a radiation thermometer or radi-
ometer and capable of measuring the surface tempera-
ture of the object substantlally without being affected
by the external radiation noise.

2. Background Art

In a high-temperature furnace, for example, a heatmg
furnace preceding a hot strip rolling process, there has
been great demand for a device to measure the surface
temperature of an object such as a slab to be heated,
continuously and accurately as possible.

In other words, if the surface temperature of the slab

10

15

20

can be measured accurately, it will be possible just after

the slab has reached a predetermined optimum tempera-

ture to remove it from the furnace and send it to the

rolling stage. As a result, the heat control can be per-
formed effectively and precisely, resulting in not only
high quality of products but also saving of energy:

In the conventional method of measuring the surface
temperature of a slab within a heating furnace, how-
ever, a thermocouple is placed in a protective tube
extending into the heating furnace, to measure the ambi-
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ent temperature within the furnacé and provide a con-

trol signal for properly operating the heating furnace.

Therefore, the temperature thus measured is not an
accurate measure of the temperature of the slab because
the temperature of the slab is not directly measured. For
this reason, in the actual operation, the target for tem-
perature of the slab is determined to be slightly higher
than the predetermined optimum temperature or the
slab is kept in the furnace for a time sufficiently longer
than the standard heating time in order that the rolling
process succeeding to heating of the slab is never unsuc-
cessful due to insufficient heating of the slab. ThlS re-
sults in wasteful energy consumption.

Although a contact-type thermometer is dlrectly
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p 2

radiation from its surroundings, some radiant energy

~may enter into the thermometer from the surroundings

thereby causing a measurement error. Such entrance of
radiant energy from the surroundings into the thermom-
eter with the shielding cylinder is called the stray radia- -
tion dependent noise component. Since the slab surface
1s usually rough due to its oxidized surface, the stray
radiation dependent noise component from the sur-
roundings is easily incident to the radiation thermome-
ter due to the diffusive reflection. It is difficult to defi-
nitely locate the source of the stray component and
quantify the effects thereof because of the diffusive
reflecting property of the slab surface.

In order to minimize this stray radiation dependent
noise component, or quantify the influence of the stray
noise component, various different methods have been
proposed so far. For example, in Japanese Patent Publi-
cation No. 47713/1978 entitled “Method and Apparatus
for Measuring the Temperature of the Object within
Furnace,” the present applicant has proposed to pro-.

vide a shielding mechanism within the furnace for
‘shielding the stray component. This shielding mecha-

nism is configured such a manner as to provide the
abovementioned heat shielding cylinder with a disc

- fixed at its lower end opposite to the slab, and it is wa-

ter-cooled so as not to radiate a great radiant energy.
Therefore, the radiant energy from the shielding mech-
anism is prevented from reflecting from the surface of
the slab and affectmg the indication of the thermometer.
However, since the temperature of the atmosphere
within the heating furnace is usually as high as 1000° C.
above and the temperature of the slab is also high, the
slab 1s cooled, when the slab is transported at a low
speed and its surface is exposed to a relatively low tem-
perature of the shielding plate for a considerably long
time, resulting in undesirable decrease of the slab tem-
perature. Moreover, a problem such as leakage of water
may cause a dangerous accident.

DISCLOSURE OF THE INVENTION

It is an object of the invention to provide a surface

- temperature measuring apparatus for objects within a

contacted to the slab to enable precise measurement of 45

temperature of the slab, the thermometer is worn out by
contacting the thermometer to the slab which is moving
about within the heating furnace, so that such a manner
of measurement is unsuitable for the continuous temper-
ature measurement. Thus, there has been no practical
way to determine the slab temperature other than by

furnace, which is capable of high-precision continuous
measurement of temperature without the abovemen- |
tioned problems on the radlatlon lemperature measure-

- ment.

In order to achieve the above object, this invention is

- based on the principle that since the noise component is

30

estimates based on the measurements of the amblent |

temperature.

In order to improve the measuring method, there
have been proposed various radiation temperature
methods generally suitable for the continuous tempera-
ture measurement. However, there are various prob-
lems to be solved on the measurement of the surface

temperature of objects such as slabs which are trans-

ported within the heating furnace. For example, when
the surface temperature of the slab transported within
the furnace is required to be measured by a radiation

thermometer which measures the heat radiation from

the slab surface, it should be noted that the ambient
temperature 1s much higher than the slab temperature
because the slab is heated by the surrounding heat radia-
tion. Although the radiation thermometer is surrounded
by a heat shielding cylinder for shutting out the heat

difficult to be completely removed, a reference noise
source with a known radiation level is used to mask an -
uncertain stray radiation dependent noise component so
that the radiation thermometer is subjected to a con-

~.stant noise of known level from the reference noise
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source mstead of the uncertain stray radiation depen-
dent noise component, and that the effect of the refer-
ence noise 1s arithmetically cancelled thereby obtaining
the true temperature of the heated object.

According to the mventmn, the surface temperature

measuring apparatus is arranged to comprise a shielding

cylinder positioned opposite to an object the tempera-
ture of which is to be measured, within a furnace, said
cylinder having at its side opposite to the object an end
with an opening which allows passing of a first radia-
tion emitted dependent on the temperature of the ob-
ject, a reference radiation source means provided
within the shielding cylinder to mask the effect of a
radiant noise derived from the high-temperature atmo-
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sphere within the furnace and to generate a second
radiation whose level is substantially determinable, and
a radiation detecting means provided at another end of
the shielding cylinder opposite to said opening end
thereof so as to separately detect said first and second
radiations, whereby the surface temperature of the ob-
ject is determined by the values resulting from the de-
tection of the first and second radiations.

BRIEF DESCRIPTION OF THE DRAWINGS

The objects, features and advantages of the present
invention will be understood from the following de-
scription of preferred embodiments of the present in-
vention with reference to the accompanying drawings,
in which:

FIG. 1 1s a schematic diagram of a conventional
radiation-type temperature measuring apparatus;

FIG. 2 15 a diagram of one embodiment of the surface
temperature measuring apparatus of the invention:

FIG. 2A 1s a plan view of the shielding plate in FIG.
Z;

F1G. 3 shows a main arrangement of another embodi-
ment of the invention;

FI@G. 4 1s a cross-sectional view of part of the shield-
ing cylinder on which radiation thermometers in the
embodiments of FIG. 2 or FIG. 3 are mounted:

FIG. 5 shows the arrangement of still another em-
bodiment of the invention;

FIG. 5A 1s a block diagram of the arithmetic system
for processing the output of a single scanning type radi-
ometer,

FIG. 6 shows another arrangement of the scanning-
type radiometer used in the embodiment of FIG. §;

FIG. 7 shows further embodiment of the invention
for relatively low-temperature measurement; and

FI1G. 8 is a partially cut-away view of the shielding

plate of different configurations in the embodiment of
FIG. 7.

BEST MODE FOR CARRYING OUT THE
INVENTION

Before the description of some embodiments of the
invention, the construction of a conventional apparatus
will first be described briefly with reference to FIG. 1.
In FIG. 1, a slab or object 1 is heated by radiation heat
from the inner wall of a heating furnace 2 while it is
being transported in the direction perpendicular to the
drawing. A radiation thermometer 4 is mounted on the
upper wall of the furnace so as to receive the radiant
energy from the slab 1 which is being transported, and
includes a transducer 4b for converting the received
radiant energy to an electrical signal, and an optical
system 4a for focusing the radiant energy from the slab
onto the transducer 4b. A heat-resistant shielding cylin-
der 6 1s provided along the axis of the radiation which
proceeds from the slab 1 to the radiation thermometer 4,
in order that the radiation noise from the surroundings
1s not directly projected onto the radiation thermometer
4. Nonetheless, in the construction of the conventional
temperature measuring apparatus, the radiation noise
from the surroundings enters into the cylinder 6 by
various causes and reaches the radiation thermometer 4.
Since the incident noise level is generally not stable,
uncertain error is caused in temperature measurement.

The purpose of the present invention is to remove the
sources of the uncertain errors. One embodiment for
this object is shown in FIG. 2.
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In the temperature measuring apparatus of the de- .
scribed above, it is difficult to prevent the radiation
noise from being transmitted to the radiation thermome-
ter from the surroundings. The present invention is
based on the principle that the uncertain radiation noise
can be masked by a reference noise source having a
radiation whose level is substantially determinable,
while the radiation thermometer is subjected to the
effects of the reference noise source instead of the un-
certain radiation noise. This principle is disclosed in
Japanese Patent Application No. 63469/1979 filed on
May 22, 1979 and entitled “Surface Temperature Mea-
suring Method for Objects within Furnace. ” This prin-
ciple will hereinafter be described with reference to the
embodiment of FIG. 2, in which like elements corre-
sponding to those in FIG. 1 are identified by the same
reference numerals. The shielding cylinder 6 has a disc-
like shielding plate 8 with an opening 10 as shown in
FIG. ZA, mounted on its lower opening portion to
oppose the slab 1 in parallel therewith with a spacing,
H. Also, the shielding cylinder 6 has radiation ther-
mometers 24 and 24 mounted on its upper portion. The
radiation thermometer 14 is located to receive a radia-
tion 16 from an inner surface 12 of the shielding plate 8,
while the radiation thermometer 24 is located to receive
a radiation 26 from the slab through the opening 10 of
the shielding plate 8. The temperature error occurring
on the radiation temperature measurement is a function
of the wavelength, and temperature detected by the
radiation thermometer, and proportional to the de-
tected wavelength. Therefore, it is desired to make the
wavelenth detected by the radiation thermometer as
short as possible, for example, A=0.65 um. When the
measuring temperature is high as 1000° C., the above
wavelength is enough to give a satisfactory sensitivity
in measurement. The emissivity €] of the slab 1 in the
wavelength range as mentioned above is about 0.85
with small variation. Although the ambient temperature
T3 within the heating furnace 2 is higher than the tem-
perature Tj of the slab 1 and usually varies greatly de-
pending on the firing condition, the radiation energy
entered into the inside of the shielding cylinder 6 is
reduced by virtue of the shielding plate 8 to a negligible
amount. The surface 12’ of the shielding plate 8 opposite
to the slab 1, as well as its inner surface 12, serves as the
above-mentioned reference noise source. The shielding
cylinder 6 and shielding plate 8 are made of a good
heat-resistant material sufficient to withstand higher
temperatures than that of the slab 1 because they are
necessarilly heated within the furnace. For example,
silicon carbide (SiC) can be used for the material be-
cause it has heat-resistivity against higher than 1400° C.,
high heat conductivity similar to carbon, small coeffici-
ent of thermal expansion and workability on machining.
The emissivity of the cylinder 6 and plate 8 is about 0.8,
as 1s well known, but can be increased to about 0.85 by
roughening their surfaces. |

In the arrangement in FIG. 2, assume that the surface
of the slab 1, whose temperature is to be measured, is
called surface 1; the surface of the reference noise
source facing to the surface 1, surface 12’, and the inner
wall surface of the furnace, surface 3. The effective
radiant energy emitted from a unit area of the surface i
i1s represented by G;(i=1, 12’, 3), that is, G is the effec-
tive radiant energy from the surface 1, Gy is that from
the surface 12' and Gj is that from the surface 3.

The temperature and emissivity of the slab 1 are re-
spectively represented by T; and €1, and those of the
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shielding plate & by T, and e, respectively. The inner
walls of the furnace are regarded as a blackbody cavity
at temperature T3; that is, the emissivity €3 of the inner
walls of the furnace is regarded to be 1.0.

The radius of the shielding plate 8 is taken as R, and 5
the distance therefrom to the slab as H. The effective
radiant energy Gi (i=1, 2, 3,) per unit-area from the
surfaces of the slab and the reference noise source,
which are considered as diffusive reﬂectmg surfaces, is

generally given by 10

- : 3 o N
- Gi = ¢ei- ENTD) + (1 — &) Ik-zl Gk - Fik, M

where 15

Eb(T1) 1s the radiant energy from a blackbody at
temperature T1; and

- Fik 1s the geometry coefficient mdlcatlng the ratio of

radiation arrived from surface i to surface k, B

(Fij=0, j=12).

If Eq (1) 1S applled to the case of FIG 2, the followmg
expressions are derived: )

25
Gl=€1'Eb(Tl)+(1“€l) (GzF1_z+GiF13) (2) |
Ga2=e2EHT2)+(1~€2) (G1F21+G3F23) (3)
Gi=ENT3) ' @ 20

Rearranging Eqgs. (2) to (4) fo G will yield

e . T EB(T)) ©)
P=T=0 - enll — epFafy 2D+ 35
(1 — enesFiy | :
T=0 =l = Fnfar 2002 +
(1 — e{F13 + (1 — )F3}
11— eN(d — eF2F21 "'_Eb(n) 40

The G1in Eq. (5) shows the detected value of the com-

bined effects of radiation from a plurality of sources, as
measured with the radiation thermometer 24, the first
term on the right hand side of the equation being the
apparent radiation from the slab, the second term
thereof is relating to the noise radiation from the refer-
ence noise, and the third term thereof relating to the
stray radiation dependent noise component from the

435

surroundmgs Eq. (5) can be rewntten as _ 0
. Gr=¢a- Eb(T 1)+7ﬂ Eb(T2)+n Eb(Ts) (6)
where - |
e ™ %
1 — (1~ fl)(l — Ez)Flezl |
. (1 —--El)EzFlz | _ (8)
T T T = a1 = e)FuF 'z"'i o PR
60
(1 — e){Fi3 + (1 — ez)Fzs} (9)

T=T=(—en( — QFFa

- 2
Flz——-le—% 2+(-§-) -

6

- -continued
and; I |
Fi3 = Fp3=1— Fp (11)
if n 1n Eq. (6) can be made,greatly' small as éompared
with €a, ya, the third term on the right-hand side can be
neglected. Thus, the temperature of the slab can be
determined by the following equatmn

EN(T}) = — - 12

— ya - EB(T)}

The truth of Eq. (11) can easily be understood as fol-
lows. Since Fi11+Fi2+F13=1 and F11=0 in the model
of FIG. 2, the equation of Fi3=1~ Fj3 can be satisfied.
Moreover, if the area of the shielding plate 8 is made
large enough, the area of the opening portion 10 is
negligible, and the mutual reflection can be considered
to occur between the discs of radius R and distance H
therebetween. Thus, the truth of Fi2=F>; of Eq (10)
can also be understood easily.

In Eq. (12), €a 1s the function of the emissivities €1and
€2 of the slab 1 and shielding plate 8 and is considered to
have a known value since €;=€3--0.85 as described
above. The other coefficients, size of the shielding plate
and the distance H between the shielding plate and slab

~ can be considered to be known values determined by

the configuration of the apparatus. Therefore, Eb(T)
and hence the slab temperature T; can be determined

~ from Gj and Eb(Tj). The Eb(T2) corresponds to the

sole effect of the radiant energy Gz from the shielding

plate 8 since the region surrounded by the shielding

plate 8 and the shielding cylinder 6 is considered to be
a black body furnace. In the embodiment of FIG. 2, the
radiant energy 2 is detected by the radiation thermom-
eter 14. In this case, Eq. (12) results in

(13)

EKTY) = ~1— (61 - yan)_,

In accordance with the principle of this invention, in
order to further reduce the effect of the stray radiation
dependent noise component from the inner wall of the
furnace as the noise source, two countermeasures are
considered:

(1) The ratio of H/R is made as small as posmble, ie.,
the shielding plate 8 as the reference noise source
has 1ts radius made large and is positioned as close
to the slab 1 as possible. This is effective to increase
the area of the shielding plate and decrease the
height of the mouth through which the stray noise
enters, thereby to shut off the stray noise. This

~corresponds to making Fi2 in Eq. (10) close to 1.
- When all the geometry coefficients in Eq. (9) are

~ expressed by Fizaccording to Eq. (11) and then the

coefficients FF12in the equation are all made close to

1, 1t will be seen that 7 decreases. If the value of H

- 18 made very small, it may cause a problem in slab

- manipulation, but no disturbance on slab tempera-

- ture such as disturbance by cooling even if the
reference noise source is located close to the slab,
because 1t is kept at a high temperature comparable
to that of the slab 1. |

(2) The emissivity €2 of the reference noise source is
‘made close to 1.0. This qualitatively results in the
increase of absorption of the stray noise component

by the shielding plate 8 and hence in the decrease
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of the effect of the stray noise component. If ¢; in
Eq. (9) is made close to 1, the numerator decreases
and the denominator increases, resulting in de-
crease of 7.

In order to determine the slab temperature T; from
Eq. (13), for example, the values G| and G measured by
the radiation thermometers 24 and 14 are converted to
digital values by analog to digital (A/D) converters 30

and 28 and then the computation of Eq. (13) is per-
formed by an arithmetic unit 32 for Eb(T)). Since the

radiation thermometer used has a natural relationship
between T and Eb(T) depending on the wavelength
for the detector element and the filter, the T can be
determined easily by the graph of the relationship. Al-
ternatively, the values of T; for different values of
Eb(T)) determined on the basis of the relationship be-
tween Eb(T1) and T}, are preliminarily stored in a mem-
ory map provided in the arithmetic unit 32, and the
value of T is determined directly by the arithmetic
device.

FIG. 3 shows another embodiment, in which like

elements corresponding to those in FIG. 2 are identified
by the same reference numerals. In this embodiment, a
shielding plate 47 with an opening 40 is provided within
the cylinder 6, to partition the inside of the shielding
cylinder 6 into two parts, BF| and BF;. The inner sur-
face of the shielding cylinder 6 and the surface 48 of the
shielding plate 47 are made black and roughened, and
the ratio, L/D of the length L to diameter D of each
part 1s selected to be 1 to 5 or above, so that the parts
BF; and BF: desirably satisfy the conditions for the
black body furnace. Moreover, the distance H between
the lower end of the shielding cylinder 6 and the slab 1
i1s made small enough to shut off the radiation noise
from the furnace wall into the cylinder 6.

FI1G. 4 shows one example of the way in which the
shielding cylinder 6 is provided within the furnace and
the radiometers 14 and 24 are mounted. A cooling cylin-
der 30 is fastened on the top of the cylinder 6 to project
from the furnace 2. A sealing material 52 serves to pre-
vent the leakage of the atmosphere out of the furnace 2.
Reference numerals 54 and 56 represent supply and
drain pipes for cooling water, and 58 a housing includ-
ing the radiometers 14 and 24 and having mounted
thereon supply and drain pipes 60 and 62 and a purge
gas supply pipe 64. Reference numeral 66 denotes a
filter, 68 a purge gas supply pipe for keeping the surface
of the filter 66 clean, and 70 a component of the driving
device for raising and lowering the shielding cylinder 6
to adjust the H depending on the size of the slab.

When the shielding cylinder 6 is heated by a high
temperature atmosphere within the furnace 2 which is
mounted with the components as described above, the
shielding cylinder can be set to provide a small distance
H from the slab 1 to be measured for its temperature and
two radiant energies G and G; can be detected stably
without leakage of the atmosphere out of the furnace.

FIG. 5 shows still another embodiment, in which a
single scanning type radiometer is used to measure the
radiant energy G1from the slab 1 and the radiant energy
G2 from the reference radiation source alternately. The
scanning-type radiometer 14 may be mounted swing-
ably between the positions indicated by solid and bro-
ken lines as, for example, shown in FIG. 5 and oscillated
with a constant period by a drive control apparatus 27.

There are used different kinds of scanning-type of
radiometers. While the pivotally receprocating radiom-
eter is used in the embodiment of FIG. §, a horizontally
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oscillating radiometer may be used to move between.

positions corresponding to the positions at which the
radiometers 14 and 24 are located in the embodiment of
FIG. 2. Also, a radiometer utilizing the mirror reflec-
tion may be used as shown in FIG. 6. That is, a reflect-
ing mirror 36 is mounted to be pivotable between the
positions indicated by solid and broken lines and the
radiometer 14 is fastened. The reflecting mirror 36 at

the solid-line position reflects the radiation G; toward
the radiometer 14 and, at the broken-line position, re-

flects the radiation G3 toward the radiometer 14.
Moreover, since a single scanning type radiometer as

-described detects radiations G and G», there is no mea-

surement error which would occur due to the differ-
ence between the characteristics of two radiometers, if
used for the detection of both the radiations.

The output of the radiometer 14 can be arithmetically
processed by a common arithmetic system. The block
diagram of FIG. SA shows one example of the common
arithmetic system, which may be applied to either one

- of the cases of FIGS. § and 6.

The radiant energy detected by the radiometer 14 is
converted into electrical signals G1 and G by sample-
and-hold circuits 33 and 34, respectively to which sam-
pling pulses ¢1 and ¢, are supplied from the drive con-
trol apparatus 27 in synchronism with the oscillation
swinging of the radiometer shown in FIG. 5 or the
oscillating scanning of the reflecting mirror 36 shown in
FIG. 6. The signals G and G» are then converted to
digital signals by A/D converters 28 and 30, respec-
tively. The signal G; is further multiplied by +ya at a
multiplier 35 to become <ya-Gj, which is applied to a
subtractor 37 together with the signal Gy. Thus, the
subtractor 37 generates G1—ya-Gy, which is then di-
vided by e€a at a divider 38. The output signal from the
divider 38 is expressed by Eb(T1)=(1/€a)(G1—ea-G?),
which can be reversely converted to determine the
temperature T'1 of an object to be measured, from a
characteristic curve or data of T and Eb(T1).

While the radiant energy from the reference radiation
source, Eb(T2)=G is directly measured by a radiome-
ter as in the above embodiments, the Eb(T3) may be
determined from the measurement of the temperature
T2 of the reference radiation source by use of a thermo-
couple when the T is relatively low. FIG. 7 shows the
embodiment therefor, in which the shielding plate 8,
shielding cylinder 6 and so on are of the same construc-
tion as in the embodiment of FIG. 2. However, the
inner diameter of the shielding cylinder 6 is made small,
and the shielding plate 8 is of a circular ring surround-
ing the opening end of the shielding cylinder 6 as shown
in FIG. 8 and part of the plate 8 can have the operation
end of the thermocouple embedded therein. While the
shielding plate 8 as shown in FIG. 8 has provided a
projection edge portion 9 projecting downward from
the outer periphery thereby to increase €3, the projec-
tion edge portion 9 may be omitted to be of a disc-like
shape.

When the measured values of Gy and T3 are con-
verted from analog to digital values, each conversion
rate is of course established so that the levels of both are
values of the same unit, or radiant energy or tempera-
ture unit. | -

The apparatus according to the invention, as de-
scribed above, i1s capable of non-contact continuous
measurement of temperature with high precision and
has other various advantages. |
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The principle of the invention is very simple and
clear to be understood with ease, and the apparatus
according to the invention can be practically used in the
field.

Moreover, since the outputs G; and G2 from the
radiation thermometer can be processed in accordance
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with a simple arithmetic equation (12), the real time .

processing can be performed by a simple system.

In addition, since the detection wavelength can be
short, an inexpensive silicon photoelectric transducer
can be used as a sensor for the thermometer.

Moreover, while the temperature T of the reference
noise source is reached by natural heating within the

furnace as described above, the reference noise source.

itself may be heated positively by the internal heating or
temperature-controlled for keeping at a known temper-
ature.

While silicon carbide is used for the material of the
shielding plate as the reference noise source, alumina, or

heat resistant steel, for example may be used similarly.
While the slab-heating furnace for use with the inven-

tion 1s described in detail as above, other high-tempera-

ture furnaces than the slab-heating furnace may of
course be used similarly.

Moreover, the present invention can clearly be ap-
plied to a relatively low-temperature measurement of an
object other than the slab, for example, hot-rolled plate,
cold-rolled steel sheet or stainless steel sheet. In this

case, however, it is difficult to use the silicon cell from

the detection capability point of view, and thus it is
necessary to use a detection element for longer wave-
length, for example, Ge, PbS, PbSe or thermister bo-
lometer. |

What we claim is:

1. An apparatus for measuring the surface tempera-
ture of an object being heated in a furnace, said appara-
tus comprising:

a shielding cylinder having a substantlally closed end
and an open end, said shielding cylinder being
adapted to be disposed with said open end facing
toward the object within a furnace; and a shield
plate fixed to said shielding cylinder and formed at
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. means for determining the surface temperature of said
object from the values of said combined effect and
said sole effect detected by said detecting means.

2. An apparatus for measuring surface temperature,
according to claim 1, wherein said radiation detecting
means includes a scanning-type radiometer for detect-
ing said combined effect and said sole effect.

3. An apparatus for measuring surface temperature
according to claim 1, wherein said radiation detecting
means includes a ﬁrst radiometer for detecting said
combined effect and a second radiometer for detecting
said sole effect. |

4. An apparatus for measuring surface temperature
according to claim 1, 2 or 3, wherein said shield plate is

extended substantlally in parallel with the surface of

- said object.
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its portion facing toward the object with an open-
ing communicating the exterior of said shielding

cylinder with the interior thereof, so as to allow a
first radiation emitted depending on the surface

temperature of the object to enter said shreldmg B i

cylinder and pass toward said outer end;

said shielding cylinder being configured and adapted .'
50

to be positioned relative to the object to block a
second radiation emitted depending on the high
“temperature atmosphere within the furnace from
entering said shielding cylinder, and said shield
plate being configured to serve as a reference radia-
‘tion source means for emitting from its inner wall

- portion disposed within said cylinder and from its
outer wall portion facing toward the object, a third
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- radiation which, on the one hand, is directed from =

- said inner wall portion toward said closed end and,
on the other hand, is directed from said outer wall

portion and combined with said first radiation en-
- tering said shielding cylinder means, whereby the

combined effects of said first and third radiations

“enter said shielding cylinder through said opening; -
- radiation detecting means provided at said closed end

65

of said shielding cylinder for separately detecting

said combined effect of said first and third radia-

tions and a sole effect of said third radiation; and

S. An apparatus for measuring surface temperature
according to claim 4, wherein said sole effect is a radia-
tion generated from the inner surface of said shield
plate. |

6. An apparatus for measuring surface temperature
according to claim 1, 2 or 3, wherein said shield plate
partitions the interior of said shielding cylinder into a
first section including said open end and a second sec-
tion including said closed end.

7. An apparatus for measuring surface temperature
according to claim 6, wherein said third radiation is a
radiation generated from the surface of said shield plate

facing said second section.

8. An apparatus for measurrng the surface tempera-
ture of an objeet being heated in a furnace, said appara-
tus comprising: |

a shielding cylinder havmg a substantially closed end

and an open end, said shielding cylinder being
adapted to be disposed with said open end facing
toward the object within a furnace; and a shield
plate fixed to said shielding cylinder and formed at
its portion facing toward the object with an open-
ing communicating the exterior of said shielding
- cylinder with the interior thereof, so as to allow a
- first radiation emitted depending on the surface
~ temperature of the object to enter said shielding
-cylinder and pass toward said outer end;
sald shielding cylinder being configured and adapted

- . to be positioned relative to the object to block a

- second radiation emitted depending on the high
~ temperature atmosphere within the furnace from
~ entering said shielding cylinder, and said shield
plate being configured to serve as a reference radia-
‘tion source means for emitting from its inner wall
~portion disposed within said cylinder and from its
outer wall portion facing toward the object, a third
- radiation which, on the one hand, is directed from
- said inner wall portion toward said closed end and,
- on the other hand, is directed from said outer wall -

~ portion and combined with said first radiation en-
~ tering said shielding cylinder means, whereby the
combined effects of said first and third radiations
enter said shielding cylinder through said opening;
radiation detecting means including a radiometer
- provided at said closed end of said shielding cylin-
der for detecting said combined effect of said first
and third radiations and a thermocouple for detect-
ing the temperature ef said reference radiation

- source means; and

means for determining the surface temperature of the
- object from the detected values of said combined
effect and the temperature of sald reference radia-

tlon source means -
S % i i S
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